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General Experimental Section
Unless stated otherwise, all reagents were purchased from Aldrich Chemicals and used without further purification. HPLC grade solvents (Scharlab) were nitrogen saturated and were dried and deoxygenated using an Innovative Technology Inc. Pure-Solv 400 Solvent Purification System. Column chromatography was carried out using silica gel (60 Å, 70-200 m, SDS) as stationary phase, and TLC was performed on precoated silica gel on aluminium cards (0.25 mm thick, with fluorescent indicator 254 nm, Fluka) and observed under UV light. All melting points were determined on a Kofler hot-plate melting point apparatus and are uncorrected.
1 H-and 13 C-NMR spectra were recorded on a Bruker 
N-Boc-aminododecylphthalimide (4)
To a solution of the commercially available 12-(tert-butoxycarbonylamino)dodecylamine (0.50 g, 1.67 mmol) in toluene (50 mL) was added phthalic anhydride (0.24 g, 1.67 mmol). The reaction mixture was refluxed for 12 hours with a Dean-stark trap. After this time the reaction was allowed to cool and the solvent was removed under reduced pressure. The resulting residue was purified by column chromatography on silica gel using CHCl 3 as eluent to give the title product as a white solid (4, 0.62 g, 79.27 (C), 40.89, 38.21, 30.18, 29.63 (x2), 29.58, 29.41, 29.30, 28.72 (x3) 
12-phthalimidododecyl N-Boc-Glycylglycinate (6)
To a solution of amine 5 (2.50 g, 7.56 mmol) in dry DCM (100 mL) was added acid 1 (1.60 g, 6.90 mmol) and DMAP (0.92 g, 7.56 mmol) under N 2 atmosphere. The reaction mixture was cooled to 0ºC and EDCI (1.45 g, 7.56 mmol) was added, stirring for 72 hours at room temperature. After this time the reaction mixture was diluted with DCM (50 mL) and washed with water (3 x 100 mL). 
Fragment S1
To an ice-cooled solution of 6 (1.29 g, 2.37 mmol) in dry DCM (40 mL) was added TFA (1.83 mL, 23.7 mmol) under N 2 atmosphere and the mixture was stirred for 12 hours at room temperature. After this time the solvent and the excess of TFA was removed under reduced pressure. The resulting residue was diluted with CHCl 3 (50 mL) and washed with an aqueous solution of K 2 CO 3 1M (2 x 50 mL) y brine (2 x 50 mL).
The organic phase was dried over anhydrous MgSO 4 and concentrated under reduced pressure to give a white solid (S1, 0.70 g, 1.58 mmol, 67%), which was used directly in the next step with further purification.
Synthesis of [2]rotaxane S2 (E)-ethyl 4-(2,2-diphenylethylamino)-4-oxobut-2-enoate (7)
To a solution of (E)-4-ethoxy-4-oxobut-2-enoic acid (3.32 g, 23.03 mmol) in dry DCM (150 mL) was added 2,2-diphenylethylamine (5.00 g, 25.33 mmol) and DMAP (2.81 g, 23.03 mmol) under N 2
atmosphere. The reaction mixture was cooled to 0 ºC and EDCI (4.42 g, 23.03 mmol) was added. The reaction mixture was allowed to stirr for 48 hours at room temperature. After this time the mixture was diluted with DCM (50 mL) and was washed with a aqueous solution of HCl 2M (2 x 200 mL) and a S7 saturated solution of NaHCO 3 (3 x 200 mL). The organic phase was dried over anhydrous MgSO 4 and concentrated under reduced pressure to give the title product as a white solid (7, 5.26 g, 16.28 mmol, 71% 
Synthesis of MSN-6
MSN-2
Synthesized MSN-1 (1 g) were heated at 130 ºC for 12 hours in an oven. After this time, 3-cyanopropyltriethoxysilane (2.15 mL, 9 mmol) and anhydrous toluene (50 mL) were added under N2
atmosphere and the reaction mixture were refluxed for 72 hours. The solid was filtered, washed with warm toluene (100 mL) and Et 2 O (100 mL) and dried (MSN-2, 1.27 g). Solid 
MSN-5
To a suspension of MSN-4 (200 mg, 0.40 mmol) in EtOH (15 mL) was added hydrazine monohydrate (0.19 mL, 4 mmol) under N 2 atmosphere. The mixture was stirred at room temperature for 12 hours. After S11 this time the reaction mixture was purified in Soxhlet extractor using ethanol as solvent during 7 hours. (m).
MSN-6
To a suspension of MSN-5 (185. 
Synthesis of MSN-7 (E)-N-(12-Boc-aminododecyl)-4-(2,2-diphenylethylamine)-4-oxobut-2-enamide (9)
To a solution of the commercially available 12-(tert-butoxycarbonylamino)dodecylamine (1.02 g, 3.39 mmol) in dry DCM (80 mL) was added anhydrous Et 3 N (0.71 mL, 5.09 mmol), acid S3 (1.00 g, 3.39 mmol) and BOP (2.25 g, 5.09 mmol). The mixture was stirred under N 2 atmosphere during 4 hours. After S12 this time solvent was removed under vacuum, and the residue was diluted with CHCl 3 (100 mL) and washed with H 2 O (100 mL), aqueous solution of HCl 1 M (100 mL), NaHCO 3 (sat) (100 mL) and brine (100 mL). 
(E)-N-(12-Boc-aminododecyl)-4-(2,2-diphenylethylamine)-4-oxobut-2-enamide (1)
To a solution of carbamate 9 (0.50 g, 0.87 mmol) in dry DCM (30 mL) was added TFA (0.67 mL, 8.70 mmol) and the mixture was stirred under N 2 atmosphere during 12 hours. After this time solvent and excess of TFA were removed under vacuum. The resulting residue was dissolved in a CHCl 3 :iPrOH (3:1) mixture and was extracted with an aqueous solution of K 2 CO 3 1M (2 x 250 mL) and brine (2 x 250 mL).
The organic phase was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure, giving a white solid which was used in the next step without further purification (1, 0.52 g, 0.87 mmol, 99%).
Fragment 10
To a solution of the amine 1 (0.46 g, 0.78 mmol) in dry DCM (30 mL) was added acid 3 (0.27 g, 1.18 mmol), Et 3 N (0.33 mL, 2.35 mmol) and DMAP (0.12 g, 0.94 mmol). The mixture was cooled to 0ºC and EDCI (0.23 g, 1.18 mmol) was added, stirring for 48 hours under N 2 atmosphere. After this time the resulting mixture was diluted with CHCl 3 : iPrOH (3:1) (100 mL) and washed with H 2 O (100 mL). The organic phase was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The S13 resulting residue was purified by column chromatography on silica gel using a CHCl 3 :MeOH (93:7) mixture as eluent to give the title product as a white solid (10, 0.39 g, 0.56 mmol, 71% 
Fragment 2
To a solution of carbamate 10 (0.61 g, 0.88 mmol) in dry DCM (30 mL) was added TFA (0.68 g, 8.78 mmol) and the mixture was stirred under N 2 atmosphere during 12 hours. After this time solvent and excess of TFA were removed under vacuum. The resulting residue was dissolved in a CHCl 3 :iPrOH (3:1) mixture and was extracted with an aqueous solution of K 2 CO 3 1M (2 x 250 mL) and brine (2 x 250 mL).
The organic phase was dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure, giving a white solid which was used in the next step without further purification (2, 0.29 g, 0.49 mmol, 48%).
MSN-7
To a solution of the amine 2 (0.25 mg, 0.42 mmol) in anhydrous THF (35 mL) was added MSN-2 (0.12 mg, 0.25 mmol) and DCC (0.09 g, 0.42 mmol) under N 2 atmosphere and the mixture was refluxed during 72 hours. After this time the reaction mixture was purified in a Soxhlet extractor using ethanol as solvent during 12 hours. The resulting solid was dried under vacuum at 60ºC during 6 hours (MSN-7, 0.12 g). 
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10. Thermogravimetric analysis Figure S8 shows a comparison between the TGA of MSN-3 and rotaxane-containing MSN-E-6. The mass loss detected at temperatures above 150 °C is assigned to the organic matter attached to the surface of the particles. In the graph it is observed that the mass loss in rotaxane-containing MSN-E-6 (33.3%) is higher than for MSN-3 (15.9%), indicative of the elevated presence of organic material in MSN-E-6. Figure S8 . Superposition of TGA of materials MSN-3 (blue) and MSN-E-6 (red).
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11. Loading and release experiments for MSN-6 with Rhodamine B Figure S9 . Schematic representation of Rhodamine B-loading and release processes for MSN-6.
Loading MSN-E-6 with Rhodamine B.
Aqueous Rhodamine B (1 mM) solution was prepared using volumetric equipment. Rhodamine B solution (2 mL, 1 mM) was added to a vial containing MSN-E-6 (25 mg). The particles were stirred and sonicated in solution to maximize dispersion during 1 hour. The suspension was then stirred 24 hours to allow Rhodamine B to diffuse into the nanopores. After this time the loaded RhB loaded MSN-E-6 were removed from solution by centrifugation and washed with water. The RhB-MSN-E-6 were dried under high vacuum for 24 hours.
Closing RhB-MSN-E-6 nanopores by photoisomerization process.
Loaded RhB-MSN-E-6 (10 mg) were suspended in a Rhodamine B solution (2 mL, 1 mM, DCM). The suspension was stirred and irradiated under 254 nm at room temperature during 1 hour in order to enable the trans-to-cis photoisomerization of the fumaramide unit leading the macrocycle to move along the aliphatic chain, and staying on the glycylglycine unit for the closure of the nanopores. After this time the particles were removed from solution by centrifugation and washed with DCM (5 x times). The closed RhB-MSN-Z-6 were dried under high vacuum for 12 hours.
Note: Rhodamine B starts to be damaged by UV irradiation (254 nm) after exposure for periods of time longer than 2 hours. 
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Controlled release experiments.
Closed and loaded RhB-MSN-Z-6 (1 mg) were placed in a vial and 5 mL of the appropriate solvent was added. The resulting suspension was stirred while irradiating at 365 nm at room temperature to enable the cis-to-trans photoisomerization of the maleamide unit, allowing the opening of the pores. After centrifugation the clear solution was placed in a cuvette and the absorbance measured.
For verifying that the opening of the pores was occurring, due to the isomerization of the maleamide unit to the corresponding fumaramide, followed by the traslational movement of the macrocycle along the thread, similar experiments were also run in the absence of irradiation.
-Release experiments in dichloromethane for RhB-MSN-Z-6:
The absorbance of the solution was monitored versus time. For calculating the % of release, the absorbance of the solution after stirring for 24 hours under dark was chosen as the value of maximum absorbance (100 % release). Control experiments were performed for nanoparticles MSN-7 using both solvents (DCM or water).
Experiment 1: Nanoparticles MSN-7 were loaded with RhB employing the same method described for MSN-Z-6. These control particles were washed as RhB loaded MSN-Z-6 and dried. Since the benzylic macrocycle is not present in MSN-7 for closing the nanopores, RhB is eliminated during the washing step and there is no increasing in the absorbance during time.
Experiment 2: Nanoparticles MSN-7 were loaded with RhB employing the same method described for MSN-Z-6. The particles were then centrifuged and the RhB solution was removed. The corresponding RhB loaded MSN-7 were dried under vacuum. RhB loaded MSN-7 (1 mg) were placed in a vial and 5 mL of the appropriate solvent was added. The suspension was stirred and centrifuged, measuring the absorbance during time. In this case, since the benzylic macrocycle is not present in MSN-7 for closing a) b)
S22 the nanopores, in the first 5 minutes of the experiment all RhB was released out of the particles, observing an important increasing in the absorbance, which was stabilized immediately.
Calculation of the amount of RhB in RhB-MSN-Z-6 by the Beer-Lambert law.
The molar extinction coefficient of RhB (ε) was calculated by plotting different concentrations of RhB versus the absorbance measured at 553 nm, using dichloromethane as solvent. Figure S13 . Beer-Lambert plot of different RhB solutions (DCM, λ max : 553 nm).
For calculating the total amount of RhB loaded inside the pores, we stirred a solution of RhB-MSN-Z-6
(3 mg in 12 mL of DCM) while irradiating at 365 nm for a period of 2 hours. The solution was stirred for another 24 hours under dark to allow a complete cargo release. After this time the absorbance was measured, observing a value of 1.17, which corresponds with a concentration of 1.46·10 -5 M. This result allows us to calculate the % amount of RhB (per mg of RhB-MSN-Z-6), being 2.8wt%.
Transmission Electron Microscopy Observations
The changes of the porous surface of the silica during the functionalization and the RhB loading were monitored by high-resolution transmission electron microscopy.
(a) (b) (c) Figure S14 . HR-TEM images of (a) MSN-1, b) MSN-E-6 and c) RhB-loaded MSN-Z-6
